1. Tank bromeliads form a conspicuous, yet neglected freshwater habitat in Neotropical forests. Recent studies driven by interests in medical entomology, fundamental aspects of bromeliad ecology and experimental research on food webs have, however, prompted increasing interest in bromeliad aquatic ecosystems. As yet, there is nothing in the literature about the life histories and environmental drivers of invertebrate population dynamics in tank bromeliads. 2. Based on fortnightly samples taken over one year, size frequency plots and individual dry masses allowed us to establish the life cycles and growth rates of the dominant aquatic invertebrates in a common bromeliad species of French Guiana. Linear mixed-effect models and Mantel tests were used to predict changes in density, biomass, and growth rates in relation to temperature, rainfall, humidity and detrital resources. 3. Annual variations in invertebrate densities and biomasses could be described according to three types of distribution: unimodal, bimodal or almost constant. Despite seasonal variations, precipitation, temperature, relative humidity and detritus concentration accounted significantly for changes in density and biomass, but we found no significant responses in growth rates of most invertebrate species. Species rather displayed non-seasonal life cycles with overlapping cohorts throughout the year. There was also a trend for delayed abundance peaks among congeneric species sharing similar functional traits, suggesting temporal partitioning of available resources. 4. Beyond novel knowledge, quantitative information on life histories is important to predict foodweb dynamics under the influence of external forcing and self-organisation. Our results suggest that changes in species distribution that will affect population dynamics through biotic interactions in space and/or time could have greater effects on food webs and ecosystem functioning than changes in environmental factors per se.
Introduction
In tropical forests, a substantial fraction of the fresh water available is impounded within phytotelmata, terrestrial plants that hold water in modified or specialised leaf axils, flower bracts or hollow parts (Kitching, 2000) . Among them, tank bromeliads (Bromeliaceae) are conspicuous components of the Neotropical flora. These plants have tightly interlocking leaves forming wells that collect rainwater from a few mL to 45 L per plant. Tank bromeliads occur from the soil to the canopy and can reach a density of up to 175 000 individuals per hectare representing an estimated 50 000 L of water (Sugden & Robins, 1979; Richardson, 1999) . They provide an aquatic habitat for specialised organisms ranging from prokaryotes to small vertebrates (Poelman & Dicke, 2008; Frank & Lounibos, 2009) . Macroinvertebrates, mostly aquatic insect larvae, form the dominant part of the animal biomass inside tank bromeliads. The incoming detritus (e.g. leaf litter from overhanging trees, dead arthropods, faeces) constitutes the basic source of nutrients for the entire aquatic food web (Benzing, 2000; Leroy et al., 2016) . Despite their number, ubiquity and wide geographical distribution, tank bromeliads (and plant-held waters in general) have received relatively little attention in comparison to other freshwater ecosystems. However, recent research driven by interests in medical entomology (some bromeliadbreeding mosquitoes are vectors of dengue or malaria; Talaga et al., 2015) , fundamental aspects of phytotelm ecology (Brouard et al., 2011; , or community-to ecosystem-level responses to climate change (D ezerald et al., 2015a; Trzcinski et al., 2016) , has started to shed interesting new light on the bromeliad ecosystem structure and function.
Because they are small in size, can be exhaustively sampled, contain multiple trophic levels, and are linked via dispersal (constituting therefore metacommunities), tank-bromeliads are increasingly used as model systems to test ecological theory. Field observations and manipulative experiments have been used to address many ecosystem processes (Srivastava et al., 2004; Srivastava, 2006) , from metacommunity and food web assembly rules (Armbruster, Hutchinson & Cotgreave, 2002; Lecraw, Srivastava & Romero, 2014; Petermann et al., 2015) to the relationships between environmental variability, biological diversity and ecosystem function (Srivastava & Bell, 2009; C er eghino et al., 2011; D ezerald et al., 2013; Amundrud & Srivastava, 2015; Hammill et al., 2015) . However, most observational and experimental studies on bromeliad ecosystems captured short-term processes (a few days to a few weeks), when seasonal changes in the population structure and dynamics of co-occurring species can be significant (but see Richardson, Richardson & Srivastava, 2015;  for a study of inter-annual variations in invertebrate abundance).
Snapshot studies not only fail to integrate the turnover time of populations, but more importantly, they also tell us little about the environmental factors that dictate those life-history events (e.g. emergence, recruitment, periods of maximum growth denoting maximum resource use), which, in turn, determine interaction patterns among co-occurring species and energy flows within food webs (Bassar et al., 2016) . Assuming that the dynamics of the local and regional environment select for life-history strategies that allow the best use of local resources in space and time (Southwood, 1977 (Southwood, , 1988 , information on life histories in relation to environmental fluctuations would, therefore, improve our ability to predict community-to ecosystem-level responses to environmental changes (Bassar et al., 2016) . To date, however, to the best of our knowledge, there is nothing in the published literature about the life histories and growth patterns of bromeliad invertebrates.
In freshwater habitats, temperature, hydrology and food quality/quantity control the metabolic rates of invertebrates, thereby governing all aspects of population dynamics (e.g. growth rates, abundance-related patterns; Leung & Dudgeon, 2011; Amarasekare & Savage, 2012; Leung, Li & Dudgeon, 2012; Amarasekare & Coutinho, 2013) . In temperate climates, seasonality creates marked and rather predictable environmental regimes, and accordingly, aquatic invertebrates exhibit a prevalence of seasonal life cycles with one to two generations per year, where cohorts as well as periods of maximum growth do not usually overlap among congeneric species (see various examples in Cayrou & C er eghino, 2005) . Conversely, tropical invertebrates show a prevalence of non-seasonal life cycles with several generations per year and faster growth (i.e. a series of overlapping cohorts and a wide range of size-classes that co-occur within a population; Merritt, Cummins & Berg, 2008) . This could be related to lower seasonality and higher mean annual temperature than in temperate climates. Nevertheless, water temperature was found to influence larval lifespan and to trigger life-history events (i.e. larval moults, pupation, emergence) in Toxorhynchites (Diptera: Culicidae) from French Guiana (D ezerald et al., 2015b) . On the other hand, tropical climates have pronounced dry and wet seasons which could impart seasonality. For instance, a prolonged absence of precipitation was found to counter-select aquatic invertebrate taxa with longer generation times and to cause progressive declines in species abundance in tank bromeliads (D ezerald et al., 2015a) . Finally, detrital resources in the form of fine or coarse particulate organic matter appeared as a significant driver of invertebrate abundance at various trophic levels (Armbruster et al., 2002; Jabiol et al., 2009 ), but we do not know whether seasonal changes in detrital inputs affect invertebrate abundance and growth patterns.
Our study was conducted in French Guiana in a lowland rainforest typical of the Guiana Shield. Our aim was twofold. First, this is the first attempt to profile invertebrate life-history patterns in tank bromeliads. More specifically, we document the life cycles and growth rates of dominant bromeliad invertebrate species on the basis of fortnightly samples taken over one year. Second, we used linear mixed-effect models (LMMs) and Mantel tests to investigate which variables (i.e. temperature, rainfall, relative humidity, detritus quantity) are the best predictors of individual species' temporal dynamics in terms of density, biomass and growth rates. Assuming that (i) even slight changes in temperature affect metabolic activities in ectotherms, (ii) precipitation shows marked seasonal patterns and (iii) bromeliad food webs are fuelled by large amounts of detrital inputs and leaf fall shows some seasonality in the tropics (Wright & Cornejo, 1990) , we predicted that most of the variation in density, biomass and growth rates of individual species over the year would be explained either by temperature and/or precipitation patterns. Alternatively, the absence of environmentpopulation dynamics relationship would point towards the idea of a greater role for biological interaction effects on species' phenology.
Methods

Study area and bromeliad species
French Guiana is an overseas region of France located on the north-eastern coast of South America. About 96% of its surface area (83 534 km 2 ) is covered by a remarkably species-rich equatorial forest (Bongers et al., 2001) . This study was conducted in a lowland rainforest plot located near the Petit-Saut Dam, Sinnamary (5°03 0 43″N, 53°02 0 46″W; elevation <80 m a.s.l.). The climate is tropical moist with 3000 mm of annual precipitation, little seasonal variation in air temperature (monthly averages range from 20.5 to 33.5°C), and a relative humidity oscillating between 70 and 100%. There is a major reduction in rainfall between July and December (the 'dry season') and another shorter and more irregular dry period in March, but prolonged droughts are rare (a mean maximum number of 17 AE 5 consecutive days without rainfall, averaged over the past 10 years; D ezerald et al., 2015a). The remaining months constitute the 'rainy season' (Fig. 1 ). Vriesea splendens (Bromeliaceae: Tillandsioideae) is the only tank bromeliad in the understorey of the area studied (c. 5000 m 2 in size). Daily records of air temperature and rainfall over the entire study period were obtained from the nearby Petit-Saut Field station, Sinnamary.
Sampling procedure
Three well-developed V. splendens (excluding flowering and immature stages) were sampled at fortnightly intervals from April 2013 to April 2014 for a total of 72 plants (each group of three plants was sampled only once during the study). All of the plants selected were epiphytes growing at <1 m above the ground or were secondary rooted on the soil. We first extracted all of the coarse detritus fallen from overhanging trees (e.g. leaf litter, twigs) from the rosette of each plant. The coarse detritus (>1000 lm in size) was rinsed in the field to collect the associated invertebrates. It was then dried at 60°C for 3 days and weighed to obtain a dry mass (DM, g). To sample the water and aquatic invertebrates in the plants, we used a 10-mL micropipette with the end trimmed to widen the aperture. The actual volume (V, mL) was measured using a 250-mL graduated cylinder for the first water extraction; the wells were then refilled with rainwater and emptied again twice in order to maximise invertebrate sampling efficiency. Although less efficient than plant dissection (Jocqu e et al., 2010), we used this non-destructive sampling technique for ethical reasons and for consistency with other studies in the area (C er eghino et al., 2011; D ezerald et al., 2013) . The sampled water was filtered through a 150-lm mesh and the aquatic invertebrates were preserved in 4% formalin (final concentration). Once a plant was emptied, we measured its maximum water volume (V m , mL) as the difference between a known volume of water used to fill the bromeliad and the remaining water volume in the graduated cylinder when the bromeliad overflowed.
Life cycles and growth rates
Aquatic invertebrates were identified to species or morphospecies (hereafter, 'species'), enumerated in the laboratory and preserved in 70% ethanol (Table 1 ; see Appendix S1 in Supporting Information). Species density (ind mL À1 ) and biomass (mg DM mL À1 , see below for dry masses), and detrital resources (g DM mL À1 ) were calculated using the maximum water volume (V m ) of the sampled plants. We used V m because the actual volume (V) is too sensitive to daily or even hourly changes in rainfall, and invertebrate populations do not respond quickly enough to these short-term environmental fluctuations to make V meaningful for subsequent comparisons across sampling dates and seasons.
We note, however, that the sampled bromeliads were generally filled to c. 50% of their maximum volume (V/V max = 51.8 AE 0.06%). We further estimated that our sampling procedure of three plants per sampling date allowed us to adequately describe the dynamics of the overall meta-population (65.4% of the total species richness, and 98.6 and 98.3% of the mean annual density and biomass of the system; see Appendix S2 in Supporting Information).
All larvae were divided into 0.1 mm-interval size classes based on measurements of non-deformable body parts: i.e. head capsule width, head capsule length or carapace length. Measurements were used to identify the larval instars, and to construct size-frequency plots for cohort and growth rate determinations. We could not, however, determine the life cycles of Aulophorus superterrenus (Haplotaxida: Naididae) and Brachycera spp. (Diptera) because these taxa do not have nondeformable, sclerotised body parts for reliable size measurements and subsequent cohort determination.
Cohorts sensu stricto are groups of individuals sharing the same hatching event during a particular time span. Here, different sets of three bromeliads within a bromeliad patch (typically a study area of c. 5000 m 2 in size with a high density of bromeliads) were sampled every 2 weeks, and invertebrates were killed for subsequent measurements (size, dry mass). Therefore, we could not follow cohorts sensu stricto in individual bromeliads. Thus, we used samples of invertebrate metapopulations at the bromeliad patch level as proxy for the dynamics of populations at the level of an 'average bromeliad'. Since the larval development of any given cohort is synchronous among co-occurring bromeliads within our 5000 m 2 study area, we determined 'cohorts' according to variations in the size structure (i.e. shifts in size classes in a time series of length frequency data) at the metapopulation level (Hynes & Coleman, 1968; Stead, Schmid-Araya & Hildrew, 2005; Benke & Wallace, 2014) . We also raised larvae in 50 mL tubes placed at ambient temperature to further confirm generation times from hatching to the last instar (hereafter, 'Cohort Production Interval', CPI) when cohorts could not be identified (i.e. Corethrella sp. and Culex stonei).
For each species, sets of 10-20 individuals from the different size classes were dried at 60°C for 48 h and weighed to the nearest microgram using a microbalance (MX5; Mettler Toledo, Viroflay, France). Mean individual dry masses and densities per size class or larval instar were used to calculate biomass (mg mL À1 ) at each sampling date. Mean individual dry masses at each sampling date were log-transformed and used to represent the cohorts' growth patterns over time. A specific growth rate (k, % dry mass per day) was calculated for each cohort using the following equation:
where DM i0 and DM i1 are the mean individual dry masses of the ith cohort from hatching (t 0 ) to the last instar (t 1 ).
Statistical analyses
To determine the influence of environmental factors (e.g. precipitation, temperature, relative humidity and detritus concentration) on changes in the density and biomass of invertebrate species within bromeliads (n = 72), we used LMMs with 'sampling date' as a random variable (lme4-package in R software). We applied an arcsine transformation to all data (except densities of Elpidium bromeliarum that were log-transformed) to achieve normality. We created separate models for the density and biomass of each species (response variable) in relation to the four environmental factors (explanatory variables). To assess the overall significance of the models, we performed likelihood-ratio tests between the full (containing all four environmental variables and the random effect) and reduced models (only the random effect). Since we performed a separate model for 11 species belonging to the same meta-population (22 models in total for density and biomass), all P-values were corrected after Benjamini & Hochberg (BH; Benjamini & Hochberg, 1995) . The significance of main effects in the significant models with the lowest Akaike information criterions was further evaluated using a type II ANOVA (lmerTest-package in R software). The conditional and marginal R 2 were calculated using the piecewiseSEMpackage in R software. We graphically assessed model validation (LMMs) and evaluated the normality of residuals using Shapiro tests.
In addition, for each species, two Mantel correlation tests were performed to assess relationships between growth rates (from 3 to 21 k values per species per year; Table 1 Population estimates of the dominant aquatic invertebrates in the tank bromeliad Vriesea splendens. Da, mean annual density (ind mL À1 ); Ba, mean annual biomass (mg mL À1 ); CPI, cohort production interval (days); k, growth rates (% dry mass per day) (AESE). except for C. stonei for which we only had two k values), and the mean and coefficient of variation (CV) for temperature, precipitation, relative humidity and detrital concentrations over each cohort development time (vegan-package in R software). For instance, any given model contained the growth rate as a response variable and all mean value or CV for all environmental variables. This procedure allowed us to assess the overall significance of the effect of environmental variables on growth rates. Since multiple comparisons were performed on the same species (20 tests in total), we also applied the BH correction to adjust all P-values. We evaluated all statistical analyses at a 95% confidence interval using R v. 3.1.2 (R Core Team, 2015) .
Results
Temporal dynamics in density and biomass
The species pool at our study site consisted of 22 species (Appendix S1), of which 11 dominant species were present throughout the year in sufficient numbers to allow Fig. 2 Changes in the mean (AESE) density (ind mL À1 ) and biomass (mg mL À1 ; solid and dotted lines respectively) of the 11 dominant species throughout the year (April 2013 to April 2014).
the determination of their life cycles (Table 1) . Overall, these species represented 65.2 and 89.1% of the mean annual density and biomass of the system respectively. These numbers reach 98.6 and 98.3% if we include two additional common taxa, namely A. superterrenus and Brachycera spp. (Appendix S2) .
Overall, annual variations in invertebrate densities and biomasses were closely related, and could be divided into three types of distribution: unimodal, bimodal or almost constant. For the first type, several species showed a marked increase in density and biomass during the dry season (September through December), namely Wyeomyia aphobema, Ceratopogonidae sp.1, Orthocladiinae sp. and, to a lesser extent, Anopheles neivai (Fig. 2) . Bezzia sp. and W. lamellata belonged to the second type of distribution, with two peaks: one in August-September and one in April. Finally, a few species did not show clear patterns in density or biomass (i.e. Corethrella sp., Cyphon sp. and Trentepohlia sp.; Fig. 2 ).
Despite clear seasonal changes in precipitation, and to a lesser extent temperature, we only found marginal effects of environmental conditions on the densities and biomasses of Ceratopogonidae sp.1, Trentepohlia sp. and W. lamellata, and on the densities of Orthocladiinae sp. and W. aphobema (Table 2) . When further analysing the influence of each environmental variable (estimates and significance of main effects) on these five species, we found no significant variables influencing Ceratopogonidae sp.1 (F = 0.39-2.04, P = 0.17-0.54; Table 3 ). However, air temperature significantly and negatively influenced the density of Trentepohlia sp. (F = 5.6, P = 0.03) and W. aphobema (F = 7.02, P = 0.02) and the density and biomass of W. lamellata (F = 8.9 and 19.6, P < 0.001 and =0.01 respectively). In addition, detrital concentration positively influenced the densities of Orthocladiinae sp. (F = 8.9, P = 0.004) and the density and biomass of Trentepohlia sp. (F = 6.7, P = 0.01, and F = 8.4, P = 0.006 respectively). Finally, the relative humidity only influenced the density and biomass of Table 2 Influence of environmental factors on the density and biomass of invertebrate populations using linear mixed-effect models. We compared likelihoods of the full (including all predictors and random effect; see Methods section) and reduced (only random effect) models. Since we evaluated 22 models on the same populations, P-values before (P) and after (Pc) the BH corrections are displayed. Only significant models (i.e. after the BH correction) with the lowest AIC were considered for further investigation (in bold W. lamellata (F = 6.6, P = 0.02, and F = 8.0, P = 0.01 respectively; Table 3 ).
Growth patterns of dominant species
The life cycles of the 11 dominant species can be divided into two main groups based on the number of generations per year and the development time from hatching to last instar. For all species, the growth patterns (mean individual dry mass versus time) deduced from our interpretations of size-frequency plots repeated themselves over the year (Figs 3 & 4) . The first group (hereafter 'slower life histories') included three species with relatively long larval lifespans (CPI = 1.5-3 months) and accordingly fewer than six generations per year; namely, Cyphon sp., Trentepohlia sp. and Elpidium bromeliarum ( Fig. 3 and Table 1 ). The range in sizes was vast at any point in time throughout the year suggesting that all larval instars were generally present at all times. Despite the overlapping of generations, we were able to identify cohorts and development patterns. Hatching occurred throughout the year, except in October for Trentepohlia sp., and except during the dry season (mid-August to mid-December) for Cyphon sp. and E. bromeliarum. During the rainy season (early May to August), the cohorts of E. bromeliarum were not distinguishable. The second group (hereafter 'faster life histories') included the remaining eight species. These fast-growing species were all dipterans with three or four larval instars, a short larval lifespan (CPI = 10-30 days), and up to 22 generations per year. For the culicids W. aphobema and W. lamellata, instars were found throughout the year (Fig. 3) . The size-frequency and growth plots suggest that these species had 13 and 22 generations per year respectively (Fig. 3) . The larvae grew quickly and emerged about 3 weeks after hatching all year round, so that there was no seasonal pattern of emergence. The culicids A. neivai and C. stonei had different developmental patterns where early instars (denoting hatching) were mostly present from July to September. Larvae grew from instar 1 to instar 4 within 1-1.5 months, but then seemed to remain at instar 4 over 1-2 months, so that these species presumably had c. five generations per year. Bezzia sp. and Corethrella sp. also had four larval instars and 13 and 15 generations per year, respectively, so that all larval instars were present throughout the year. For Corethrella sp., pupae were also remarkably frequent. Orthocladiinae sp. and Ceratopogonidae sp.1 had three instars. The identifiable cohorts had a CPI of 20-27 days, suggesting the occurrence of 12-15 generations per year. We noted, however, that Orthocladiinae sp. last instars were missing from our samples from April to November (Fig. 4) .
On average, growth rates (k) ranged from 10 to 20% increase in dry mass per day for species with 'faster life histories', whereas they were between 3 and 7% dry Table 3 Influence of environmental factors (precipitation, temperature, humidity and detrital concentration) on the density and biomass of morphospecies for which the full models were significantly better than the reduced ones (see Table 2 ). Significant variables are highlighted in bold (F test; P-value). Estimates AE SE; RE, random effect ('sampling date').
Models
Intercept mass per day for species with 'slower life histories' (e.g. Cyphon sp., E. bromeliarum and Trentepohlia sp., Fig. 4 , Table 1 ). We noted that the Cyphon sp. and Trentepohlia sp. larvae that hatched during the dry season tended to grow faster than larvae that hatched during the rainy season (Fig. 4) . A total of 20 Mantel correlation tests were performed on the growth rates of the dominant species (except the culicid C. stonei for which only two cohorts were identified) versus the mean and CV for temperature, precipitation, humidity and detrital concentration. We found, however, no significant relationships between the growth rates of the various species and these environmental variables, except for Anopheles neivai (Table 4 ), but this latter relationship did not remain significant after the BH correction.
Discussion
Seasonal changes in air temperature, rainfall, relative humidity and detrital concentration were deemed potential drivers of invertebrate population dynamics in small freshwater pools in rainforest environments. There was, however, a limited or modest environmental signal in the biomass and density models, while growth rates showed no significant response to the study variables. We see two non-mutually exclusive explanations for this mismatch in the response of two distinct population parameters to environmental conditions. First, the thermal amplitudes recorded in this study may not have been sufficiently variables to generate metabolic responses. This suggests that maturation processes is under strong developmental and evolutionary constraints, whereas densities/biomasses are rather determined by short-term ecological processes such as oviposition behaviour of terrestrial adult stages (which was not evaluated in this study). Second, the carrying capacity of the system (a major driver of aquatic invertebrate abundance; Spooner & Vaughn, 2006) was held almost constant both by our sampling scheme (plants were matched by their size) and by bromeliad hydrology. The morphology of tank bromeliads acts as a buffer against variations in precipitations (Trzcinski et al., 2016) , thus ensuring hydrological stability; here, bromeliads were generally filled to c. 50% of their maximum volume throughout the year. If environmental conditions never exceeded the physiological regulation capabilities of species (weak thermal amplitudes, sufficient amounts of water despite fluctuations), then only extreme events would significantly alter densities, biomasses and growth rates, or eventually trigger the production of resistant forms (e.g. desiccation-resistant eggs or cyst). In a recent study at the same site (D ezerald et al., 2015a), we experimentally sheltered V. splendens from the rain and noted that it takes 7 weeks for the tanks of the bromeliads to completely dry out (leaf rosettes form complex reservoirs that buffer changes in precipitation), whereas a maximum number of 17 AE 5.3 (AESE) consecutive days without rainfall was recorded at the study site over the past 10 years (the maximum number of rain free days per year averaged over the last decade). In other words, our invertebrates were never subjected to drought stress.
All species had non-seasonal life cycles with overlapping generations showing repeated growth patterns throughout the year. We, however, did note two types of life-history strategies which may be related to other functional traits of bromeliad invertebrates (C er eghino et al., 2011) . Species with a larval lifespan >1.5 months and <6 generations per year (i.e. Cyphon sp., Trentepohlia sp., E. bromeliarum) have legs or pseudopods that enable them to crawl onto the aerial parts of bromeliads to seek food and/or more suitable leaf wells (D ezerald et al., 2015a; O. D ezerald, pers. obs.) . This also applies to odonate larvae (Amundrud & Srivastava, 2015) , although we were not able to study their life cycle in detail. These functional traits confer more ecological flexibility towards habitat variability compared to physiological traits in which they trigger immediate responses to locally unsuitable conditions (e.g. avoidance, mitigation, short-range migrations). As a consequence, these species can channel more energy into the formation of body mass over longer time periods (i.e. slower growth and higher body mass). Conversely, species that can only swim in the water column or crawl on the bottom (e.g. culicids, chironomids, Corethrella sp.) are more exposed to habitat stochasticity (i.e. they cannot escape from their wells), and so channel more energy into fast larval growth and short hatching-to-emergence time (i.e. shorter lifespan <1.5 months with >6 generations per year, higher growth rates and lower body masses).
Competitive and/or predator-prey interactionstwo additional aspects that were not considered in this studycould eventually account for temporal changes in density and biomass (Bassar et al., 2016) , especially in small, contained habitats (Azevedo, Kraenkel & Pamplona Da Silva, 2012) . Delayed peaks in abundance notably facilitate the coexistence of species that have similar functional traits via the temporal partitioning of the food and habitat resources (Adam et al., 2015) . On visual inspection of Fig. 2 herein, we cautiously suggest that delayed peaks in densities and biomasses are apparent in Culicidae species, e.g. in the congeneric species W. aphobema and W. lamellata. Also, A. neivai and C. stonei peaked in density before W. aphobema and W. lamellata. Although they are more phylogenetically distant from each other, the detritivores Ceratopogonidae sp.1 and Orthocladiinae sp. (similar body size, both feeding on fine detritus at the bottom of the wells) showed temporally segregated peaks in density and biomass. The significance of these patterns would, however, deserve further analyses using appropriate null models (and probably more field data to reach a higher replication), to properly test the hypothesis of temporal niche displacement and its potential role in shaping bromeliad invertebrate population dynamics. The dominant predators (i.e. Bezzia sp., Corethrella sp.) were small in size and had 13-15 fast-growing cohorts per year, so their biomass turnover was superior or similar to the biomass turnover of their potential prey. In addition, mean annual biomass estimates (Table 1) suggest a community structure characterised by a bottom-heavy trophic pyramid where predators represent only 11.1% of the total annual biomass. These data point towards the idea of a weak top-down control of density and biomass patterns of prey populations. This situation contrasts, however, with other geographical areas of the Neotropics (e.g. Costa Rica, Brazil) where bromeliads commonly host a large-bodied predator (an odonate) that exerts a strong top-down control over detritivores to the point that the biomass pyramids of these communities are top-heavy (Petermann et al., 2015) . The present work represents the first quantitative study of the life-history patterns of tank bromeliad invertebrates and of the relationships between invertebrate population dynamics and environmental fluctuations in the broader context of an eastern Amazonian forest. Beyond providing novel knowledge, quantitative information on life histories is of vital importance for predicting food-web dynamics under the influence of both external forces (i.e. natural variability, disturbance) and self-organisation (i.e. functional traits, biological interactions). Along the northern and eastern coasts of South America, anthropogenic climate change is predicted to increase the frequency and intensity of extreme climatic events such as prolonged dry seasons (IPCC, 2013; Stott, 2016) . In this context, our results suggest that changes in species distribution that will affect population dynamics through biotic interactions in space and/or time could have greater effects on food webs and ecosystem functions than changes in environmental factors per se (see also Trzcinski et al., 2016) . In the light of ongoing research that makes successful use of bromeliad food webs to test ecological theory (Farjalla et al., 2012; Marino, Srivastava & Farjalla, 2013; Amundrud & Srivastava, 2015; Trzcinski et al., 2016) , we therefore encourage further studies of bromeliad invertebrate population dynamics, with emphasis on the life histories of large predators in those biogeographical areas characterised by top-heavy trophic pyramids and strong topdown controls.
